This study explores short-term respiratory volume changes in 8 German oral and nasal stops and discusses to what extent these changes 9 may be explained by laryngeal-oral coordination. It is expected that respi-10 ratory volumes decrease more rapidly when the glottis and the vocal tract 11 are open after the release of voiceless aspirated stops. Two experiments 12 were performed using Inductance Plethysmography and acoustics, varying 13 consonantal properties, loudness, and prosodic focus. Results show consis-14 tent differences in respiratory slopes between voiceless vs voiced and nasal 15 stops, which are more extreme in a loud or focused position. Thus, respira-16 tory changes can even occur at a local level.
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Introduction

18
During speech production, chest wall displacements and subglottal pressures mainly 19 show slow, long-term variations (e.g., Leanderson et al., 1987) , but short-term changes 20 in respiratory signals, i.e., brief excursions from the long-term baselines, have also 21 been observed. As elaborated in Sec. 1.1, AQ3 these short-term changes have most typically 22 been associated with word or sentence stress (Ladefoged, 1968; Ohala, 1990) voiceless consonants. Ohala (1990) also acknowledged an interaction between the respi-51 ratory and oral systems and reported having observed rapid changes in lung volume 52 during regions of high airflow for consonants. 53 Despite these suggestions in the literature, there has been little subsequent con-54 sideration of the interaction between specific segmental and prosodic properties and 55 their effect on respiratory kinematics. To the extent that previous authors have 56 explored this possibility, the data presentation has been anecdotal and qualitative, in 57 that the authors did not consistently quantify respiratory changes as a function of con-58 sonant type. Moreover, the number of speakers investigated in this work, although not 59 consistently documented, was likely quite limited. 60 In a recent study (Petrone et al., 2017) we observed a regular rapid drop in 61 respiratory volume after oral release (burst) in voiceless alveolar stops produced by 62 women. However, that study did not compare voiceless stops to segments with a closed 63 glottis in similar contextual and prosodic environments. From a purely logical perspec-64 tive, it would make sense for segmentally-induced loss of air to affect respiratory sys- We hypothesize that respiratory volume changes reflect laryngeal-oral coordination. 84 Specifically, we expect that the slope of the respiratory volume declines more steeply at 85 the release of voiceless aspirated stops than at the release of voiced and nasal stops. ) using a multi-channel system that prevented the need for 108 post-synchronization. The data were recorded with Edwin, software provided by the 109 manufacturer. The data were then converted to MATLAB (version 2017b) for analysis. 110 The speech material consisted of bisyllabic target words containing initial /m b p/, 111 a medial alveolar obstruent, and various vowels. Word with initial /m/ were: "Mieten" (rents), "Mitte" (section of Berlin), "Mate" (a tea), "M€ utzen" (caps), "M€ unchen" 113 (Munich). Words with /b/ were "Butter" (butter), "B€ usten" (busts), "B€ usum" (an island) 114 and, with /p/, "Paddeln" (to canoe), "Pudel" (poodle), "Pita" (pita), "Pizza" (pizza), 115 "Paten" (god-parents), "Pasta" (pasta), "Pute" (turkey), "Pudding" (pudding). Thus, pho-116 netically, the vowels following /m/, /b/, and /p/ were, respectively, /i I Y a:/, /U y/, and /i I to the offset (x2) of the segment (see Fig. 1 lower plots) . Figure 1 shows the experimen-133 tal setup and the annotation of the acoustic signals. 134 Thoracic and abdominal slopes were calculated using formula (1) where x 135 denotes the on-and offset of the segment (see Fig. 1 ) and y1 and y2 are the respiratory 136 signals obtained at times x1 and x2 from either the rib cage or the abdomen.
Slope ¼ ðy2 À y1Þ=ðx2 À x1Þ: Tiegel, aber w€ ascht sie nicht" (He TAKES cups, but does not wash them). Prompts that 170 put the final noun (e.g., "Tiegel") in focus yielded the no-focus condition for the verbs. 171 For analysis, we selected three verbs starting with a nasal or oral stop, i.e. /n/ in 172 "nimmt" (takes), /m/ in "malt" (paints), and /k/ in "kennt" (knows); the vowels in the 173 three words were /I a: E/, respectively. Note that the current analysis differs from the 174 original study because here we assess the initial consonant of the verb whereas Petrone focus than for the focus condition (b ¼ 0.14, SE ¼ 0.041, t ¼ 3.36, p ¼ 0.0016). Focus 187 did not affect thoracic slope in /m/ and /n/, and individual variation is evident (Fig. 3) . 188 Results revealed no effect of focus on abdominal slope, but an effect of pho-189 neme with a shallower slope for /n/ than /k/ (b ¼ 0.176, SE ¼ 0.062, t ¼ 2.85, 190 p ¼ 0.0078), but not for /k/ versus /m/. There were no differences between /n/ and /m/. behaviour. 201 We also obtained evidence for prosodic effects (loudness, focus) in the slope of 202 the thorax, but not the abdomen, in the vicinity of voiceless aspirated stops. The tho-203 rax is closer to the larynx and thoracic muscles may also be more flexible and adapt-204 able to short temporal changes in comparison to the global abdominal motions (e.g., 205 Ladefoged et al., 1958) . It may also be that abdominal movements reflect greater iner-206 tia than those of the thorax (cf. Thomasson and Sundberg, 2001 As pointed out by Ladefoged and Loeb (2002) , the technology available at the time did not allow calculating 234 averaged EMG data; the only cases where EMG data could be quantified was when a single motor unit was 235 recorded. Fig. 3 . Slope of the thoracic volume between the acoustically annotated on-and offsets (y-axis) split by consonant (x axis) and focus (upper track: no focus, lower track: focus). Individual speakers' results are displayed in the subplots (seven females, three males). All values below the black horizontal line at zero indicate a decrease in thoracic volume (negative slope) while values above correspond to an increase in thoracic volume (positive slope). The number of all samples (n) is 221. 
